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(54) Solid state image pickup device with two photosensitive fields per one pixel 



(57) A solid state image pickup device having: a 
semiconductor substrate having a light receiving area; 
a number of pixels PIX formed in the light receiving area 
of the semiconductor substrate in a matrix shape, each 
of the pixels having a main photosensitive field 21 hav- 
ing a relatively large area and a subsidiary photosensi- 
tive field 22 having a relatively small area; a main color 
filter array 10 formed above the semiconductor sub- 



strate and covering at least the main photosensitive 
fields in register with the respective pixels; and a micro 
lens array 1 1 formed on the color filter array and cover- 
ing at least the main photosensitive fields in register with 
the respective pixels, wherein an image signal can be 
selectively picked up from either one of the main and 
subsidiary photosensitive fields. A solid state image 
pickup device having a high resolution can be provided. 
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Description 

[0001] The present invention relates to a solid state 
image pickup device and more particularly to a solid 
state image pickup device having a number of pixels 
each having two photosensitive fields. 
[0002] A CCD solid state image pickup device and a 
MOS solid state image pickup device are known, the 
former transferring signal charges by using charge cou- 
pled devices (CCDs) and the latter amplifying and out- 
putting an image signal from a photosensitive element. 
As photosensitive elements, photodiodes are mainly 
used and a number of photodiodes (pixels) are disposed 
in a light receiving area in a matrix shape. As the layout 
of photosensitive elements, a square matrix layout and 
a honeycomb layout are known. The former disposes 
photosensitive elements along row and column direc- 
tions at constant pitches and the tatter disposes photo- 
sensitive elements along row and column directions by 
shifting the positions of every second pixel (e.g., by shift- 
ing the positions by a half pitch). 

[0003] For a solid state image pickup device having 
on-chip color filters, a color filter layer is formed on a 
semiconductor chip with photosensitive elements and 
signal transfer units. In many cases, on-chip micro lens- 
es are disposed on the color filter layer to efficiently 
guide incident light to photosensitive elements. 
[0004] In order to obtain image signals having a high 
resolution, it is desired to increase the number of pixels. 
Although all the pixels have generally the same shape, 
image signals obtained from respective pixels do not 
have the same function and importance. For example, 
in order to obtain a luminance signal which governs the 
resolution, it is necessary to use a signal having the 
amount of light containing light in the whole visible range 
or in a green range. If a luminance signal is obtained 
from a green signal, a large number of green pixels are 
desired in order to obtain an image signal having a high 
resolution. 

[0005] An object of this invention is to provide a solid 
state image pickup device having a high resolution. 
[0006] Another object of the invention is to provide a 
solid image pickup device capable of selectively using 
a function in accordance with an application field. 
[0007] Still another object of the invention is to provide 
a solid state image pickup device having an auxiliary 
function and minimizing any reduction in the main func- 
tion due to the auxiliary function. 
[0008] Still another object of the invention is to provide 
a solid state image pickup device capable of increasing 
resolution and preventing reduction in sensitivity, with- 
out increasing the area occupied by pixels. 
[0009] According to one aspect of the present inven- 
tion, there is provided a solid state image pickup device 
comprising: a semiconductor substrate having a light re- 
ceiving area; a number of pixels formed in the light re- 
ceiving area of the semiconductor substrate in a matrix 
shape, each of the pixels having a main photosensitive 



field having a relatively large area and a subsidiary pho- 
tosensitive field having a relatively small area; a main 
color filter array formed above the semiconductor sub- 
strate and covering at least the main photosensitive 

s fields of the respective pixels; and a micro lens array 
formed on the color filter array and covering at least the 
main photosensitive fields of the respective pixels, 
wherein an image signal can be selectively picked up 
from either one of the main and subsidiary photosensi- 

10 tive fields. 

[0010] Image signals having a high resolution can be 
read and an image having a high quality can be repro- 
duced. 

[0011] Preferred embodiments will now be described, 
'5 by way of example only, with reference to the drawings. 
[001 2] Figs. 1 A, 1 B and 1 C are a plan view and cross 
sectional views showing the structure of a solid state im- 
age pickup device. 

[0013] Figs. 2A, 2B and 2C are plan views and a block 
20 diagram showing the overall structure of the solid state 
image pickup device shown in Figs. 1 A to 1C. 
[0014] Figs. 3A and 3B are a plan view and a cross 
sectional view showing the structure of a solid state im- 
age pickup device according to another embodiment of 
25 the invention. 

[001 5] Figs. 4A to 4D are plan views, a cross sectional 
view and a schematic diagram showing a modification 
of the embodiments. 

30 DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0016] Description will be made of the preferred em- 
bodiments of the invention, referring to the drawings. 

35 [0017] Figs. 1A to 1C and Figs. 2A to 2C are plan 
views, cross sectional views and a block diagram of a 
solid state image pickup device according to an embod- 
iment of the invention. In Fig. 1A, two pixels PIX are 
shown side by side. Each pixel PIX has two photodiode 

40 areas 21 and 22. The photodiode area 21 has a rela- 
tively large area and constitutes a main photosensitive 
field. The photodiode area 22 has a relatively small area 
and constitutes a subsidiary photosensitive field. A ver- 
tical charge transfer path (VCCD) 6 is disposed on the 

*s right side of each pixel PIX. 

[0018] The honeycomb layout may be used as the pix- 
el layout. Adjacent pixels PIX shown are disposed shift- 
ed by a half pitch in the lateral direction. VCCD 6 dis- 
posed on the right side of respective pixels PIX are used 

50 for reading and transferring charges from the pixels PIX. 
[0019] As shown by broken lines, polysilicon elec- 
trodes 14, 15, 18 and 19 (collectively indicated by EL) 
for four-phase drive are disposed above VCCDs 6. For 
example, if the transfer electrodes are formed of two 

55 polysilicon layers, the transfer electrodes 1 4 and 1 8 are 
formed of the first polysilicon layer and the transfer elec- 
trodes 15 and 19 are formed of the second polysilicon 
layer. The transfer electrode 14 also controls read-out 
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operation of charges from the subsidiary photosensitive 
field 22 to VCCD 6. The transfer electrode 1 5 also con- 
trols read-out operation of charges from the main pho- 
tosensitive field 21 to VCCD 6. 

[0020] Figs. 1 B and 1 C are cross sectional views tak- 
en along one-dot chain lines IB-IB and IC-IC shown in 
Fig. 1 A. In the surface layer of an n-type semiconductor 
substrate 16, a p-type well 17 is formed. In the surface 
layer of the p-type well 17, two n-type regions 21 and 
22 are formed : which constitute two photodiodes. A p+- 
type region 27 is a channel stopper region for electrically 
separating pixels : VCCDs and the like. 
[0021] As shown in Fig. 1C, near the n-type region 21 
constituting the photodiode, an n-type region 6 is formed 
constituting VCCD. The p-type region 17 between the 
n-type regions 21 and 6 constitutes a read transistor with 
the n-type regions 21 and 6. 

[0022] On the surface of the semiconductor substrate, 
an insulating layer such as a silicon oxide film is formed, 
and the transfer electrodes EL of polysilicon are formed 
on the insulating layer. The transfer electrodes EL cover 
the upper area of VCCD 6. An insulating film such as a 
silicon oxide film is formed on the transfer electrodes 
EL. A light shielding film 12 of tungsten or the like is 
formed on the insulating film, covering the constituent 
elements such as VCCDs and having openings above 
the photodiodes. Covering the light shielding film 12, an 
interiayer insulating film 13 of phosphosilicate glass or 
the like is formed and the upper surface thereof is 
planarized. 

[0023] On the interiayer insulating film 13, a color filter 
layer 1 0 is formed. The color filter layer 1 0 includes three 
or more color areas such as a red area 25 and a green 
area 26. On the color filter layer 10, micro lenses 11 of 
resist or the like are formed corresponding to the respec- 
tive pixels. 

[0024] As shown in Fig. 1B, one micro lens 11 is 
formed for each pixel. Under the micro lens 1 1 , two types 
of color filters 25 and 26 are disposed. The color filter 
25 is formed covering the upper area of the main pho- 
tosensitive field 21 and disposed at such a position that 
the light incident upon the photosensitive field 21 at least 
along the vertical direction can transmit through the 
color filter 25. The color filter 26 is disposed at such a 
position that the light transmitted through the filter be- 
comes mainly incident upon the subsidiary photosensi- 
tive field 22. The micro lens 11 has a function of con- 
verging downward incident light into the opening defined 
by the light shielding film 12. Two micro lenses may be 
formed in correspondence with the photosensitive fields 
21 and 22. 

[0025] Fig. 2A shows the layout of pixels PIX and VC- 
CDs 6 in a light receiving area PS. Pixels PIX are dis- 
posed at each row and at every second column and also 
at each column and at every second row. This layout is 
the honeycomb layout. Each pixel PIX has the main and 
subsidiary photosensitive fields as described above. 
VCCD 6 is disposed near each column in a zigzag way. 



[0026] On the right side of the light receiving area PS, 
a VCCD driver 2 for driving the vertical transfer elec- 
trodes EL is disposed. A horizontal charge transferpath 
(HCCD) 3 is disposed at a downstream side of the light 
5 receiving area PS to receive charges from VCCDs 6 and 
transfer the charges in the horizontal direction. An out- 
put amplifier 4 is disposed at the left of HCCD 3. 
[0027] Fig. 2B shows the system configuration of a 
solid state image pickup device. A solid state image 
10 pickup device 51 is fabricated on a semiconductor chip 
and includes a light receiving area PS and a peripheral 
circuit area. A driver 52 supplies signals for driving the 
solid state image pickup device. The driver 52 supplies 
a signal for reading charges accumulated in the main 
*5 photosensitive field and a signal for reading charges ac- 
cumulated in the subsidiary photosensitive field. 
[0028] Two types of output signals from the solid state 
image pickup device 51 are processed by a processor 
53. A memory 54 has two areas in which image signals 
supplied from the processor 53 are stored. Image sig- 
nals for the main photosensitive fields are stored in one 
memory area, and image signals for the subsidiary pho- 
tosensitive fields are stored in the other memory area. 
Image signals processed by the processor 53 are sup- 
plied to a display unit 55, an interface 56, a television 
57 and the like. 

[0029] In the structure shown in Figs. 1 B and 1 C, light 
beams transmitted through the color filters of two types 
are not always perfectly separated and enter the two 
photosensitive fields 21 and 22. Namely, there is a pos- 
sibility of color mixture in the photosensitive field. How- 
ever, light beams transmitted through the micro lens 11 
always pass either of the two types of color filters 25 and 
26. Possible color mixture in the photosensitive fields 
21 and 22 is the mixture of only two colors. 
[0030] A ratio of light transmitted through one color 
filter and entering one photosensitive field to light enter- 
ing the other photosensitive field, and a ratio of light 
transmitted through the othercolor filter and entering the 
other photosensitive field to light entering the one color 
filter are checked beforehand. Then, a conversion proc- 
ess of converting signals in the two photosensitive fields 
into signal components of each color is determined and 
sent to the processor 53. The processor then converts 
the signals in the two photosensitive fields into signal 
components of each color. 

[0031 ] For example, before shipment of the solid slate 
image pickup device, each of red, green and blue beams 
having a constant illuminance are applied to the whole 
light receiving area to obtain output signals from the 
photosensitive fields. How two beams of light having 
passed through one filter are distributed to the two pho- 
tosensitive fields can be known from signals in the two 
photosensitive fields of the same pixel. If tight having 
passed through two filters enters the two photosensitive 
fields, each photosensitive field receives a constant 
amount of two incident light beams. This amount is a 
fixed value so that the amount of light of a target color 
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can be calculated. The processor 53 stores these 
amounts beforehand. 

[0032] Color mixture in the main photosensitive field 
may be suppressed to a negligible degree and only color 
mixture in the subsidiary photosensitive field may be 5 
eliminated. 

[0033] In the embodiment, the green filters 26 are dis- 
posed above all the subsidiary photosensitive fields 22. 
By using the signals detected in the subsidiary photo- 
sensitive fields, the green signals (luminance signals) at io 
all pixel positions can be obtained. By obtaining the lu- 
minance signals at all pixel positions, it is possible to 
reproduce an image having a high resolution through 
interpolation if necessary. 

[0034] An image signal in the main photosensitive 15 
field 21 can be processed in the same way as image 
signals of a usual CCD solid state image pickup device. 
If necessary, an image may be reproduced from the sig- 
nals only in the main photosensitive fields. 
[0035] Fig. 2C illustrates how interpolation signals are 20 
obtained through interpolation of signals in the subsidi- 
ary photosensitive fields. Pixels P1 , P2. P3 and P4 are 
all green subsidiary photosensitive fields. Since the 
number of pixels based on which the luminance signal 
is calculated is increased, the resolution can be im- 25 
proved. In a usual Bayer layout, upper and lower two 
pixels or right and left two pixels are green pixels. There- 
fore, only an average of two signals is used as the green 
signal of an interpolation pixel IP. 

[0036] If there are upper, lower, right and left four 30 
green pixels, a signal value of the interpolation pixel can 
be obtained by using four signal values. For example, if 
three pixel signals are almost the same and only the re- 
maining one has a different value, this may be the 
boundary of an object image. In this case, the signal 35 
having a different value is neglected, and an average is 
calculated from the remaining three signals. In this man- 
ner, image signals having a high resolution can be ob- 
tained. When a signal in the main photosensitive field is 
processed, image data with a high resolution can be uti- 40 
lized. 

[0037] Figs. 3A and 3B show the structure of a solid 
state image pickup device according to another embod- 
iment of the invention. A p+-type separation area 29 is 
formed between main and subsidiary photosensitive *s 
fields 21 and 22. Above the separation area 29, a light 
shielding film 28 is formed. By utilizing the light shielding 
film 28 and separation area 29, incident light can be ef- 
ficiently separated and charges once accumulated in 
the photosensitive fields 21 and 22 can be prevented so 
from being mixed thereafter. The other structures are 
similar to those of the embodiment shown in Figs. 1 A to 
1C and Figs. 2A to 2C. 

[0038] Figs. 4A and 4B show a modification of the em- 
bodiments. 55 
[0039] Fig. 4A shows a structure where two photosen- 
sitive fields are obliquely separated. The separated 
shapes of main and subsidiary photosensitive fields 21 
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and 22 are not limited specifically if accumulated charg- 
es can be read by the VCCD. The subsidiary photosen- 
sitive field is made smaller than the main photosensitive 
field to avoid or minimize a reduction in the area of the 
main photosensitive field and minimize a decline in the 
sensitivity. 

[0040] Fig. 4B shows the structure that a micro lens 
11 is formed only on the color filter 25 of the main pho- 
tosensitive field. A micro lens is not formed on the color 
filter 26 of the subsidiary photosensitive field. The 
amount of incident light per area of the subsidiary pho- 
tosensitive field 22 becomes small. Even if strong light 
is applied, the subsidiary photosensitive field 22 is not 
likely to be saturated so that a wide dynamic range can 
be realized. The color filter of the subsidiary photosen- 
sitive field may be omitted to form a transparent field. 
[0041] Although the solid state image pickup device 
having the honeycomb layout has been described, the 
pixel layout of the solid state image pickup device is not 
limited only to the honeycomb layout. 
[0042] Fig. 4C shows an example of the (n x m) 
square matrix layout of all pixels PIX. Each pixel PIX has 
a main photosensitive field 21 and a subsidiary photo- 
sensitive field 22. Charges can be selectively trans- 
ferred from these two photosensitive fields to an adja- 
cent VCCD. 

[0043] The embodiments may be applied to a solid 
state image pickup device different from a CCD solid 
state image pickup device. 

[0044] Fig. 4D shows the structure of a MOS solid 
state image pickup device. Each pixel has photodiodes 
21 and 22 in different areas. MOS transistors are con- 
nected to the main and subsidiary photosensitive fields 
21 and 22 so that charges accumulated in each photo- 
sensitive field can be selectively read. 



Claims 

1 . A solid state image pickup device comprising: 

a semiconductor substrate having a light re- 
ceiving area; 

a number of pixels (PIX) formed in the light re- 
ceiving area of said semiconductor substrate In 
a matrix shape, each of said pixels having a 
main photosensitive field (21 ) having a relative- 
ly large area and a subsidiary photosensitive 
field (22) having a relatively small area; 
a main color filter array (1 0) formed above said 
semiconductor substrate and covering at least 
said main photosensitive fields of said respec- 
tive pixels; and 

a micro lens array (11 ) formed on said color fil- 
ter array and covering at least said main pho- 
tosensitive fields of said respective pixels, 

wherein an image signal can be selectively 
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picked up from either one of the main and subsidiary 
photosensitive fields. 

A solid state image pickup device according to claim 



a vertical charge transfer path (VCCD : 6) 
formed in said semiconductor substrate along 
each column of said pixels; 

a group of vertical transfer electrodes (14, 15, 10 
18,19) forcontrolling transfer of charges in said 
vertical charge transfer paths, said group of 
vertical transfer electrodes formed above said 
semiconductor substrate and having a shape 
capable of reading charges from either one of '5 
the main and subsidiary photosensitive fields 
to said vertical charge transfer path; 
a horizontal charge transfer path formed in said 
semiconductor substrate adjacent to one ends 
of said vertical charge transfer paths, said nor- 20 
izontal charge transfer path receiving charges 
from said vertical charge transfer paths and 
transferring charge signals row by row; and 
a group of horizontal transfer electrodes (14, 
15, 18, 19) formed above said semiconductor 25 
substrate and controlling transfer of charges in 
said horizontal charge transfer path. 

A solid state image pickup device according to claim 
1 or 2, further comprising a subsidiary color filter ar- 30 
ray {25, 26) formed of all green filters formed above 
said semiconductor substrate and disposed corre- 
sponding to the subsidiary photosensitive field of 
each of said pixels. 



A solid state image pickup device according to any 
preceding claim, wherein said number of pixels are 
disposed in a honeycomb configuration, the relative 
positions of every second pixel both in row and col- 



1, further comprising: 
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